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In the context of the PS upgrade for LHC, the 
old C08 PSB rf system was modified1 to operate 
on harmonic 2 instead of 5 without changing the 
ferrite grade used in the cavities (Philips 4L2). 
Performances of the modified cavities in the new 
frequency range (1.2 to 3.9 MHz) are satisfactory 
but ferrite enters High Loss Mode2 when 
operated at fixed frequency. 
The considerations and measurements presented 
here provide some information about operation 





The C08 cavity natural resonance (no tuning 
bias) was 2.1 MHz with a gap equivalent 
capacitance of 165pF. To shift it down to 
1.1 MHz, as required for operation on harmonic 
2, the gap equivalent capacitance had to be 
increased to 
Although the nominal gap voltage is reduced 
from 12 kV to 8 kV, cavity stored energy is 
higher in the new conditions  
 
 
The HLM onset threshold is assumed to occur at 
a stored energy level of 3+/-1*10-7 J/cm3. 
In our case the 50 ferrite rings (35x20x3 cm) 
represent a ferrite volume of ~97200 cm3 and the 
stored energy density at nominal gap voltage is 
 
 




HLM appears as an increase of losses in the 
ferrite when operated at fixed frequency. In order 
to firmly drive the cavity into the HLM region an 
over dimensioned amplifier has been used 
instead of the standard one. Extra losses occur 
with a certain delay after excitation is applied 
and can possibly find a new stable condition. 
Figure 1 shows the behaviour of one of the C04 
cavities. The final, DC cathode current, which is 
somehow proportional to the power delivered to 
the cavity, is plotted against time for different 
frequencies. The gap voltage also appears on the 
same plot. It can be seen that after the gap 
voltage reaches 8 kV, the cathode current stays 
flat for some time, then rises sharply and seems 
to find a new stable value. The ratio between the 
cathode current before HLM onset (Ik) and its 
value 300 ms after Vgap reached the maximum 
amplitude (IkH) is shown in figure 2. It is 
frequency dependent and can be higher than a 
factor 5. 
Figure 1 – Cathode current Vs time for an 8 kV 
gap voltage rf burst 
Figure 2 – Cathode current ratio before HLM 


















































































































The same measurement has been done with gap 
voltages of 9 kV and 10 kV. To stay within the 
amplifier power limits, the rf burst length had to 
be reduced to 50 ms and 25 ms respectively. In 
both cases the ferrite entered HLM within the 
pulse length only for frequencies higher than 1.8 
MHz. Table 1 lists the maximum dc current and 
the corresponding rf power required to hold the 
given gap voltage during 50 ms (25 ms for Vgap 
10kV). The last parameter has been computed 
considering class B operation so that the 
fundamental frequency current component can 
be estimated to  






















2.2 3.3 13.2 3.2 14.4 2.6 13.0
2.4 4.2 16.8 4.5 20.3 3.8 19.0
2.6 4.9 19.6 5.5 24.8 5 25.0
2.8 5.0 20.0 5.5 24.8 5 25.0
3.0 4.9 19.6 5.5 24.8 5 25.0
3.2 4.0 16.0 4.8 21.6 4.6 23.0
3.4 3.0 12.0 3.5 15.8 3.4 17.0
Table 1 – Maximum plate dc current and rf 
power required to hold Vgap Vs frequency. 
 
From fig. 1 it can be seen that the fast current 
increase has a nearly linear behaviour for the 
first 20-30 ms. To estimate the power required 
for holding 10 kV across the gap during 50 ms, 
we made a linear extrapolation from data 
measured with the 25 ms rf burst. Although not 
precise, the results listed below indicate that a 
huge amount of power would be needed and big 















Table 2 – Estimated plate dc current and rf 
power required to hold 10 kV during 50 ms. 
HLM onset time depends on frequency and 
stored energy per unit volume. Figure 3 shows a 
plot of the time at which the losses increase by 
20% Vs frequency and gap voltage.   
 
Figure 3 – Time at which losses increase by 
20%. 
 
Although the power required to maintain 8 kV 
across the gap increases by such a big factor, no 
signs of the noisy behaviour mentioned in 
literature was observed and the spectral purity of 






At the nominal gap voltage, the C04 PSB 
cavities are well into the HLM if operated at 
fixed frequency for more than the onset time 
plotted in figure 3. Considering the power 
amplifier installed in the system, this could result 
in a loss of stability due to the limited available 
power. Nevertheless fixed frequency operation, 
for times up to few hundreds milliseconds, could 
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